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. , $k,$ $p$ , $\zeta_{t}(k)$ $t$ $k$
Fourier , , $D(k, p)$
,
$D( k, p)=\frac{1}{2}(k\cross p)_{z}(\frac{1}{|p|^{2}}-\frac{1}{|k- p|^{2}})$ , (2.2)
. Fourier ( ) $\{\zeta\}$
. LiOuVille ,
(2.2) Liouville \Gamma (IWayama, 1994) .
$\frac{d}{dt}\zeta_{t}(k)=\Gamma\zeta_{t}(k)$ , (2.3)
$\Gamma=\sum_{k}\{\sum_{p}D(k, p)\zeta(p)\zeta(k- p)\}\frac{\partial}{\delta\zeta(k)}$ (24)
$\zeta(k)=\zeta_{t=0}(k)$ . s\Lambda Ii’ $F$ $\zeta(k)$
( , ) P^
( ) $\hat{Q}$
.
$\hat{P}F\equiv\frac{(F,\zeta^{*}(k))}{(\zeta(k),\zeta^{*}(k))}\zeta(k)$ , $Q\equiv 1\wedge-\overline{P}$ . (2.5)
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(F, $G$) $F$ G’ , p
$(F,$ $G^{*}) \equiv\int^{\infty_{\infty}}\cdots\int^{\infty_{\infty}}d\{\zeta\}\rho FG^{*}$ (2.6)
* . , ,
Mori(1965) (2.3) Langevin
$\frac{d}{dt}\zeta_{t}(k)=i\Omega_{k}\zeta_{t}(k)-\int_{0^{t}}d\tau\gamma k(t-\tau)\zeta_{\tau}(k)+R_{t}(k)$ , (2.7)
(Iwayama, 1994) . 1 \Omega k ,
$\Omega_{k}=- i\frac{(\Gamma\zeta(k),\zeta^{*}(k))}{(\zeta(k),\zeta^{*}(k))}$ (2.8)
2 , ,
. 3 random force ,
.
$R_{t}( k)=e^{t^{\wedge}\Gamma}\hat{Q}\sum_{p}D(k, p)\zeta(p)\zeta(k- p)$ . (2.9)
random force memory function $n(t)$ ( )
$h(t)= \frac{(R_{t}(k),R^{*}(k))}{(\zeta(k),\zeta^{*}(k))}$ . (2.10)














memory function (2.12) .
,
(2.12) . , Gambo(1982)





memory function , Langevin
, Langevin

















, memory function (2.10) .
memory function , \mbox{\boldmath $\rho$}
. , Kraichnan (1975)
(
. ) ,
CanoniCal enSemble . ,
$\rho=C\prod_{k}\exp[-\frac{k^{2}+\mu}{Bk^{2}}\cross\frac{|\zeta(k)|^{2}}{2}]$ . (2.16)
, $k$ $k$ , $C$ , $B$ , \mbox{\boldmath $\mu$}
$E$ $-z$ . $B$




(Kells and Orszag, 1978; Iwayama and Okamoto,




. $\sqrt{}$\mbox{\boldmath $\mu$} $e(k)$
.
(2.16) (28) ,
$\Omega_{k}=- i\sum_{p}D(k, p)\frac{(\zeta(p)\zeta(k- p),\zeta^{*}(k))}{(\zeta(k),\zeta^{*}(k))}=0$ . (2.18)
random force propagator $e^{tQ\Gamma}\wedge$ Taylor ,
$e^{tQ\Gamma}=\wedge 1+t\hat{Q}\Gamma+\frac{1}{2}(t\hat{Q}\#+\cdots$ , (2.19)
memory function :
$n(t)=\gamma_{k}^{(0)}+t\text{ _{}2})_{-}t^{2}\sqrt{k}^{2)}+\cdots$ . (2.20)
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1
$= \sum_{p}2D(k, p)^{2}\frac{\{|\zeta(p)|^{2}X|\zeta(k- p)|^{2}\}}{\{|\zeta(k)|^{2}\rangle}$ (2.21)
. 2 $Q\zeta(k)|^{2}\}$ (2.6) (2.16)
. (2.20) 2 , 3 2 .
$B$ , \mbox{\boldmath $\mu$} , (2.16)
, memory function .
2.4
.
, memory function (220) 3
(Iwayama and Okamoto, $1993a$; Iwayama, 1994) .
(221) , memory function
$) \{(t)=\sum_{p}2D(k, p)^{2}\frac{(\zeta_{t}(p),\zeta(p)^{*})(\zeta_{t}(k- p),\zeta(k- p)^{*})}{(\zeta(k),\zeta(k)^{*})}$ (2.22)
. (222) (2.15) (2.18) ,
$1 k(t)=\sum_{p}2D(k, p)^{2}\frac{\int\zeta(p)|^{2}\}\int\zeta(k- p)|^{2}\}}{\int\zeta(k)|^{2}\}}\exp[-\{\overline{v_{eddy}}p^{2}+\overline{v_{eddy}}|k- p|^{2}\}t]$ .
(2.23)
(2.23) (2.14) ,








$\cross\frac{(k^{2}- 2pk\cos\theta)^{2}}{(k^{2}+p^{2}+\mu- 2pk\cos\theta)(k^{2}+2p^{2}- 2pk\cos\theta)}\int^{\iota/2}|$
$=\sqrt{(\frac{L}{2\pi})^{2}\frac{\pi B}{2}}\sqrt{\frac{\kappa_{1}}{4\mu k^{4}}\{I(k_{\max})- I(k)\}}$, (2.25)





$\kappa_{1}\equiv k^{2}+\mu$, $\kappa_{2}\equiv k^{2}-\mu$ , $\kappa_{3}\equiv\sqrt{k^{4}+4\mu^{2}}$ ,
$\xi(\rho)\equiv p^{2}- k^{2}+\mu$ , $\chi(p)\equiv\sqrt{(k^{2}+p^{2}+\mu)^{2}-(2pk)^{2}}$,







$r=6.4\cross 10^{6}m$ $L=2.3\cross 10^{7}m$ .
$k_{\min}=2\pi L^{-1}$ $10^{5}$ : $k_{\max}=10^{5}k_{\min}$ .
$\lambda_{\min}=2.3\cross 10^{2}m$ . \mbox{\boldmath $\mu$}
, $\sqrt{}$\mbox{\boldmath $\mu$} $e(k)$
. (Charney, 1971)
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$e(k)$ , $\sqrt{}$\mbox{\boldmath $\mu$} $=3k_{\min}$ (
1) . $B$ ,
$E= \int_{k_{\min^{\max}}^{k}}e(k)dk=(\frac{L}{2\pi})^{2}\frac{\pi B}{2}\log[\frac{k_{\max}^{2}+\mu}{k_{\min^{2}}+\mu}]$ , (3.1)
. $U$ 10 $ms^{- 1}$ $E=10^{2}m^{2}s^{- 2}$ .
(3.1) $B$ .
, $L,$ $k_{\max},$ $\mu,$ $U$
$E$ 4 .
$k/k_{mi\prime\prime}$
1. (a) $e(k)$ ( (2.17) ) . $(\sqrt{}\mu=k_{\min})$ , $(\sqrt{}\mu=$

























( 3 ) . 3 $k_{\min}$
,






(2.25) $I(k_{\max})- I(k)$ . 30 km (
) : $k=k_{C- D}=2\pi/$ ($30$ km). 2
$k_{\max}=10^{5}k_{\min}$ $k_{\max}/k_{C- D}\sim 10^{2}$ . $k_{\max}/k_{c- D}>5$








3. \mbox{\boldmath $\mu$} 4. $k_{\max}$
$v_{eddy}(k)$ ’rq^: $J(k_{\max})- I(k)$ .
(2.25) 2 , $V=\sqrt{(\frac{L}{2\pi})^{2}\frac{\pi B}{2}}$
$l(k)=\sqrt{\frac{\kappa_{1}}{4\mu k^{4}}\{I(k_{\max})- I(k)\}}$ .
, .
, .
$u$ $l$ , $1(k)$
Prandt1(1925) .
(300 K) $(1000 hPa)$ , $\iota\ell\sim 10^{2}ms^{- 1},1\sim 10^{-7}m$
(Reif, 1965) . , 2
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